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PREFATORY NOTE

. 4
This paper is based on four presentations given at
the 23rd Conference of the Military Testing Association.
by research scientists in HumRRO's Manpower Program
Analysis Division.

>The first three papers, "Aptitude Testing in DoD
and the Profile of American Youth Study,® "Military
and Civilian Test Score Trends (1950-1980),® and
"Subpopulation Analyses of Current Youth Aptitudes,”
were presented at the symposium entitled, Profiling the

Aptitudes of the Current Youth Population. -

.4

The fourth paper, "Legal and Political Considera-
tions in Large-Scale Adaptive Testing," was presented
at the symposium on Psychometric Considerations for
Adaptive Testing Systems: Administration and Valida--
tion.

- - o

The Military Testing Association conference was
held at Arlington, Virginia, October 25-30, 1981, and
was coordinated by the U. S. Army Research Institute
for the Behavioral and Social Sciences.
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APTITUDE TESTING IN DoD AND THE
PROFILE OF AMERICAN YOUTH STUDY

Wayne S. Sellman
Office of the Assistant Secretary of Defense
(Manpower, Reserve Affairs, and Logistics)

Janice H. Laurence
Human Resources Research Organization

INTRODUCTION

Discussions of present or future military manpower procurement
policies consider the way in which individuals are selected for service,
assigned to military jobs, and trained to perform those jobs. Philosophi-
cally, there {8 consensus that enlistment standards are essential for man-
ning an effective military. Beyond that broad agreement, the type and kind
of enlistment standards (i.e., medical, mora., educational, and aptitude)
are topics for ideological, legal and scientific debate.

The Armed Services have devoted considerable effort to develop
reliable and valid methods for assessing persons prior to their entering
military servicc. One focus of these efforts has been on the developwent
of tests which measure the aptitudes of individuals. Aptitudes have his-
torically been defined as measures of trainability for the various military
jobs.

Aptitude levels within the military have been referenced
statistically to the extensive testing of adult males that took place dur-
ing World War II. This World War II "reference population” has been the
baseline for comparing aptitudes of military examinees and recruits across
time. Recently, questions have been raised concerning the appropriateness
of retaining the World War II reference population as the sole basis for
today's military personnel decisions. Accordingly, it was decided that the
contemporary youth population should be examined to facilitate the
Department of Defense's understanding of the quality and representativeness
of its new enlistees.

An aptitude profile of current youth is important for recruiting,
and evaluating recruiting results. The Department of Defense (DoD) should
be able to compare the characteristics of today's population with DoD
requirements for military manpower. Information is also needed for
mobilization planning. 1If a national emergency required the resumption of
conscription, DoD must be able to establish entrance standards compatible
with available manpower resources that meet the personnel needs of the
Services. Decisions on who should be drafted or permitted to volunteer
require an accurate knowledge of the aptitudes of contemporary youth.

The 1980 Profile of American Youth. The Profile of American Youth was

designed to assess the vocational aptitudes of young people, ages 16 to 23,
and, at the same time, to develop a new reference population against which
scores on the DoD enlistment test can be interpreted. To achieve these




goals, DoD contracted with the National Opinion Research Center (NORC) of
the University of Chicago to administer the enlistment test to a nationally
representative sample of about 12,000 young men and women.

Beyond its value to military manpower planning, aptitude profiles
from a national sample of young people are a sigiificant contribution to
scientific research. Such aptitude profiles have not been previously
available due to the difficulty and expense in obtaining representative
data.

APTITUDE TESTING IN DOD

The Armed Services Vocational Aptitude Battery. The test used in the 1980
aptitude profile study was the Armed Services Vocational Aptitude Battery
(ASVAB). ASVAB was introduced on January 1, 1976 as the single DoD test to
replace the various aptitude test batteries then in use by each Service.
Replacement forms were subsequently implemented on October 1, 1980. A 1980
version (Form 8A) of ASVAB was administered in this study.

ASVAB scores serve two important purposes in the enlistment
process. First, they help determine eligibility for enlistment. Second,
they are used to establish qualifications for assignment to specific mili-
tary jobs,

The ASVAB consists of the following 10 subjects: arithmetic
reagoning, numerical operations, paragraph comprehension, word knowledge,
coding speed, general science, mathematics knowledge, electronics informa-
tion, mechanical comprehension, and automotive-shop information. These
sybtests are included because research and experience have shown them to be
valid predictors of success in military training.

The scores of four subtests (word knowledge, paragraph
comprehension, arithmetic reasoning and numerical operations) are combined
to produce an Armed Forces Qualification Test (AFQT) score. The AFOT
score, supplemented by the scores om various aptitude composites, are used
in conjunction with educational, wedical, and moral standards to determine
applicant enlistment eligibility. The scores on the aptitude composites
also determine eligibility to enter specific military skills.

The Services combine a variety of subtests to form aptitude
composites. Table 1 shows the subtests that comprise two selected
composites.
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Tabie 1

Selectsd Aptitude Composites and
Their Component ASVAB Subtests

Selected Compontes ASVAB subtests

Administrative Parsgraph Camprshension
Word Knowiedge
Numericai Operations
Coding Spesd

Electronics Electronics Information
Generai Science
Arithmetic Reasoning
Mathematics Knowledge

The Armed Forces Qualification Test. During the early years (1940-1942) of
World War II, men were accepted for service if they had completed the
fourth grade or were able to pass literacy screening tests; in later years
(1943-1945), minimal literacy was no longer required for induction
(Ginzberg, Anderson, Ginzburg & Herma, 1959). After service entry, the i
primary test instrument for job assignment purposes was the Army General '
Classification Test (AGCT). A test of general trainability, the AGCT was l
composed of 1uestions which measured verbal, arithmetic, and spatial abili- H
ties. After World War 11, it was used by the Army for enlistment screen- ¢
ing. Modeled after the AGCT, the Armed Forces Qualification Test (AFQT)

was introduced in 1950 to determine the eligibility or draftees and volun-

teers to enter any of the Services (Uhlaner & Bolanovich, 1952).

To minimize test compromise and to update test language and content,
the AFQT has been revised periodically. Until 1973, each new AFQT was cal-
ibrated back to the AGCT so that successive AF)T scores would have a coa-
stant meaning in terms of the level of trainability. In 1972, the use of a
common AFQT was discontinued. From 1973 through 1975, each Service esti- i
mated an AFOT score from its own test battery. The ASVAB became opera-
tional as the single DoD enlistment test in 1976, and AFQT scores have been
based since then on a common test. The AFQT composite of ASVAB used in
this study (Form 8A) was calibrated against an earlier v: rsion of AFQT
. (Form 7A) used operationally from 1960 through 1972. This calibration

4 established the linkage to the World War Il reference population, thereby
5 enabling percentile scores from the new AFQOT to have the same interpretive
meaning as scores from predecessor tests.

AFQT Categories. For reporting purposes, AFQT scores have
traditionally been grouped into five broad categories. Persons whose
scores place them in Categories I and II are above average in trainabilicy;
those in Category III, average; those in Category IV, below average; and
those in Category V, markedly below average and, under current Service
policy, not eligible to enlist. The Services prefer enlistees in the
higher AFOT categories because training time and associated costs are




lower, and such recruits are more likely to qualify for specialized train-
ing in a greater number of occupational areas. Table 2 shows the per-
centile scores for the various categories and the percent of the World War
I1 reference population in each. AFQT percentile scores are based on the
World War II population of officers and enlisted men who were on active
duty as of December 31, 1944 — 11,694,229 males.

Table 2

Armed Forces Qualification Test (AFQT) Categories by
Corresponding Percentile Score Range and
Distribution of Worid War || Reference Population

World War il Reference

Percentile Score Population Distribution
AFQT Category Range {Percent)

| 93-100 8
It 65-92 28
m 31-654 34
v 10-30 21
v 1-9 9

100

STUDY METHODOLOGY

The Profile of American Youth is closely related to the five-year
National Longitudinal Survey of Youth Labor Force Behavior (NLS) in three
ways. The first and most important relationship is that the profile study
used for 1its sample young people who completed the first annual interview
of the NLS in 1979. The profile study used the NLS sample because it was
an already-existing nationally representative sample of young people in the
age group of interest. Second, the data collection for both studies was
carried out by the National Opinion Research Center (NORC). Third, there
_l would be a sharing of data between the two studies. Demographic data
collected by the NLS were added to the ASVAB test information obtained in
the profile study.

The purpose of the NLS {8 to study the behavior within the labor
market of a large and representative cross-section of American youth.
Information ‘'bout youth born from 1957 through 1964 is being collected
through annual personal interviews. The NLS is primarily concerned with
problems relating to employment and unemployment. The interviews also
gather a great deal of supplemental information about the characteristics,
| experience, plans, and attitudes of the young people.




STUDY RESEARCH DESIGN

The Sample. The NLS sample was designed to represent the national
population of youth ages 14 to 21 as of January 1, 1979 (Frankel &
McWilliams, 198]; McWilliams & Frankel, 1981). Civilian members of the
youth populaticn were obtained by screening approximately 80,000 households
during the fall of 1978. This screening identified approximately 14,000
eligible youth of the appropriate age. Members of the youth population
serving in the military were selected in the fall of 1978 from lists
provided by the Defense Manpower Data Center (DMDC). Youth in the military
were eligible for selection if they were (a) serving in the Armed Services
as of September 30, 1978 and (b) would be between the ages of 17 and 21 as
of Jenuary 1, 1979. In the spring of 1979, NORC interviewed 12,686
civilian and military youth for the first annual (baseyear) NLS survey.

The NLS baseyear sample contains youth from both urban and rural
areas, vouth from all major census divisions, and approximately equal
proportions of males and females. The sample overrepresents, in a
statistically apprc riate way, certain key groups, such as Hispanics,
blacks, economically disadvantaged whites, and women in the military. This
overrepresentation allows for more precise analyses of these groups than
would otherwise be possible.

The profile study used for its target sample the 12,686 young people
who completed the first annual (1979) interview of the NLS. The 11,914
tests administered represent a completion rate of approximately 94
percent. Table 3 shows the composition of the completed profile sample by
gsex and race/ethnicity.

Table 3

Composition of the Profile of American Youth Sampie:
Racial/Ethnic Group and Sex

Sex '
Racial/Ethnic
Group Maie Femaie Total
White? 3,531 3,496 1,027
Blackd 1.511 1,511 3.022
K i Hispanic 302 927 1,829
' Total 5,344 5,334 11878

Mhite includes ail raciel/ethnic grouos other than black or Hispenic.
bBlack does not include persons of Hispanic arigin.

a
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Since the Services primarily recruit individuals who are 18 years of
age an older, the profile study focused upon young people born between
January 1, 1957 and December 31, 1962. Thus, the age range for the profile
study sample is 18 through 23 years at the time of testing. Table 4 shows
the profile study sample of 9,173 people of enlistment age. Table 5 dis-
plays the corresponding size of the 1980 national youth population
(weighted sample) by year of birth, race/ethnicity, and sex.

Table 4 ;

Composition of the Profile of American Youth Sampie:
Year of Birth, Racial/Ethnic Group, and Sex?

Recwst/Ethasc Group

Apn
Time of Wheeed Bloexs Hitpassc Tots
- Tosting
1 Year of Birth Yearz) Vigle Fomaie iole Female Vele Femare Vie Female Totu
1962 18 «8 40 pik] 20 08 148 ms 56 1,838
1963 19 w (11} m m 129 1ne L ;] 148 1,644
1960 0 “s “g 197 ns 123 10 68 764 1529
1968 un “o 518 % \LH] 108 109 %7 23 1.590
{ 1958 2 m 508 190 167 92 102 % hals 153
r‘ 87 3 21 “ 167 168 9 107 mw %1 1,542
TOTAL 174 2m 1,143 1,158 §83 [ 4,550 4.623 3123

IRentnicted te porsens 1 NG DIGIS DOMN Sutwash January 1. 1957 wd Oecemoer 31, 1962 (18 hrowgh 71 yaurs at time of tastong, July-October 1990).
Duhice inchuses ol recsal/echaee groves other thes blsck or Hissemc.
SHack dess net incluge puresw of Wiagamc ongn.

2 Table 5

Composition of National Youth Popuistion Based on Profile of American Youth Sampie:
Year of Birth, Racial/Ethnic Group, and Sex?

P {In Thousands)®
. Recint/Ethe Grove
”
[‘ ?- ot N Slecyd Hisname Tatat
. oy
‘, Yer of Sirch (Yenrs) ol Fomule Vale Fownie Visle Fomate Ve Fomme Tom
g
AN 1982 " 179 gkl mse ™1 138.8 735 2128 20010 cisas
> !
v 1981 19 17008 18433 268 3.1 180.0 1203 29302 10813 4ames
! 1980 0 Uk CERY 7 . 1 202 18 1213 20600 20878 i2e89
) u 17832 16783 8.2 m.3 28,1 1318 21508 20088 4255
1968 2 17585 17087 ms 1220 7 1168 2008 i
1987 n RS L100e 82 m 1.2 1218 L1507 20104 4270
TOTAL 10,3008 10042 17330 17 ms 66 24912 f2S179 154080

SRSI0s 1o PESORS 18 NG TUNBIN BOTR OUtWEER JaAuery | 1987 wng Oscomaw 11, 1982 (10 thrawgh I3 veers st e of Teunng, sutv-Otrooer '980).
SFiqures ore rounses.

{ TG 1CIIBEE Bt (3L TRRE (OUED STME TREA BIECK DF HiRgamL.

! 19i0tn 00t ROt et serseay ot NigEENg 9ngen.




Quality of the Sample. To provide DoD with an assessment of the sample
design, development of sample case weights and sampling statistics, an
independent panel of sampling experts (Dr. B. F. King, University of
Washington; Dr. L. Kish, University of Michigan; Dr. G. E. Hall, U. S.
Bureau of Census; and Dr. J. Sedransk, State University of New York) was
convened. The panel concluded: (a) the sample design was appropriate for
meeting the objectives of the profile study and (b) all of the statistical
procedures used in the development of sample case weights and sampling
statistics met the professional criteria established for efforts of this

{ nature, both in the public and private sectors. (Frankel & McWilliams

1981).

TEST ADMINISTRATION

During the period July through October 1980, NORC representatives
administered the ASVAB to the 11,914 young people who comprise the profile
sample. Testing was generally conducted in groups of five to ten per-
sons. More than 400 test sites, including hotels, community centers, and
libraries throughout the United States and abroad were used. The test was
administered according to strict guidelines conforming to ASVAB proce-
dures, which assured both accuracy and consistency of results. Great care
was also taken to assure confidentiality.

In May 1981, NORC sent to all respondents a copy of their test
results, information to interpret the scores, and a brochure containing
vocational and educational information. In addition, participants were
pald honoraria for completing the test. The decision to pay an honorarium
was based on experience in similar studies which indicated that a powerful
incentive would be needed in order to get young people to travel up to an
hour to a testing center, spend three hours or more taking a test, and
then travel home. The honorarium was set at $50.00.

T e -

NORC's decision to provide an incentive honorarium was also
influenced by the importance of the NLS and an obligation to ensure that
the added demands of the profile study on the NLS respondents would do
nothing to damage further NLS participation. 1t was anticipated that the
monetary 1ncentive offered for participation in the aptitude profile study
would work against attrition of the NLS sample and would even increase the
goodwill of its members.

STUDY QUALITY CONTROL

Quality of Data Files. A DoD team of testing experts and computer
programmers verified that ASVAB scores and demographic information had
been accurately transcribed from the original source documents (i.e.,
answer sheets and questionnaires) to the computer tape provided to DoD. A
random sample (one percent of the cases) was selected for the data audit.
For the sample cases, ASVAB answer sheets were hand-scored and demographic
questionnaires were manually reviewed. In every case, the information
from the source documents had been correctly recorded (Sellman & Hagan,
1981).
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Quality of ASVAB. To evaluate the suitability of the ASVAB for measuring

the aptitudes of a national sample of young people, DoD contracted with
Dr. R. D. Bock, an authority on educational and psychological testing from
the University of Chicago. Dr. Bock evaluated the test to determine its
appropriateness for measuring vocational aptitudes and its equity for
minorities and females. He concluded that the ASVAB is useful for
measuring aptitudes of civilian youth and that cultural test bias was not
apparent for minorities and females. Moreover, he indicated that the
quality of ASVAB equals or surpasses that of commercial aptitude and
achievement tests (Bock & Mislevy, 1981).
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MILITARY AND CIVILIAN TEST SCORE TRENDS (1950-1980)

Brian K. Waters
Mark J. Eitelberg
Janice H. Laurence

Since 1975, the College Entrance Examination Board (CEEB) has
published several reports on Scholastic Aptitude Test (SAT) score decline.
The CEEB data were similar to data on the American College Testing (ACT) i
Program, as well as a number of achievement tests. The subject of
declining student aptitudes and achievement has since dominated space in
educational and psychological literature, with many reports and books
receiving heavy media and public exposure. Numerous symposia, commissions,
and studies have also been launched to answer three key questions: 1) Are
the test score declines a "real” national phenomenon?; 2) What are the
cause(s) for the decline?; and 3) What can be done to reverse the trend of !
declining scores?

The nature and scope of aptitude and achlevement test score changes
in the national population are of considerable interest to military
manpower and personnel managers. The national population provides the pool
from which military applicants are drawn (also draftees during periods of
national emergency). The civilian population also provides a baseline upon
which to assess current and historical recruit quality. And, ia the
context of the current major research effort to profile the aptitudes of
American youth, a review of the civilian aptitude and achievement test
score decline places into better perspective military test score trends
over the survey period.

This paper describes test score changes between the early 1950s and
1980 (when the profile study was conducted). The paper begins with a
tabuiar and graphic picture of national scholastic aptitude and achievement
test score trends. The paper then describes military accession test score
trends on AFOT from 1967 to 1980, AFQT score trends are reported by high,
median, and low scores. The paper concludes with a brief summary and H
interpretation of the trends.

CIVILIAN SCHOLASTIC APTITUDE TEST SCORE TRENDS

The most clear, consistent, and unambiguous evidence of the decline
in the civilian target population comes from the aptitude testing domain.
Table 1 and Figure ! provide a compilation of the trends in this country
since the early 1950s.

B ab "2 e
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The apti:ude test data show remarkable consistency. With the
exceptioa of slight increases on the Medical College Admissions
Test-Quantitat.ve Su-test and the Law School Admissions Test, the other
measures of scholastic aptitude consistently decreased at a rate of about
one to three percent of a standard deviation per year. This trend contin-
ues, although th:re (s some evidence that the rate of decline has slowed
somewhat through 1980. Other major trends show that verbal scores have
tended to decrease faster than Jquantitative scores; female scores have
declined more rapidly than male scores, particularly in the verbal domain; i

d overall aptitude test scores increased from 1950 through about 1965,
and eed consistently until the late 1970s. There appears to be a
lessening of the rate of decline between 1977 and (980, although the
decline continued through 1980.! The "causes” of the consistent aptitude
test score patterns are not at all clear. Nevertheless, the general con-
clusion of most authors is that there are multiple factors contributing to
the trend.
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Figure 1. Civilian Aptitude Measures

| 1A recent release from ETS reports that 1981 mean SAT scores were
: identical to 1980 mean scores on both quantitative and verbal subtests.
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SAT Score Trends. Figure 2 displays SAT Verbal and Mathematics subtest
trends from 1967 to 1980.

SAT VERBAL SAT MATHEMATICS
D\Smm'mm Higherd 0

- N Scoring Less Than 3007

s PERLE N | i

A, P RLE N | i

[L 3 ST ™Y S, ——— 1950 w L oeer — - g
YEAR YEAR

3Scores of 600 on the SAT VERBAL and the SAT MATH equate approximately 10 scores in the 30th percentile and 32nd percentite respectivety an the AFQT gistrudution

OScores ot 300 on the SAT VERBAL and the SAT MATH equate spproximately 10 scores in the S0th percentite ang 315t percentife respectively on e AFQT distridution

SOURCES Colege Entrance Examinetion Goerd

Figure 2. Score Distributions on the Scholastic Aptitude Test (SAT), 1967—1980

Figure 2 depicts the relatively consistent decline on both subtests
at both ends of the scale range. As will be seen in the next section of
this paper, these declines are similar to test score patterns of military
recruits who score at the higher and lower ends of the Armed Forces
Qualification Test (AFQT).

CIVILIAN SCHOLASTIC ACHIEVEMENT TEST SCORE TRENDS

Table 2 and Figure 3 depict 1964-1980 mean results for 10
achievement test batteries. Data for the individual batteriec have been
grouped, when available, into grades 1-4, 5-8, and 9-12 and by subtests
that roughly parallel the verbal/quantitative/composite breakouts of the
aptitude measures discussed above. As might be expected, long-term trends
across achievement content areas are not as consistent as across the more
“factorially pure” aptitude areas. Trend data are displayed in Table 2 by
percent change in standard deviation per year where bdoth means and vari-
ances were provided in the original source. Figure ? displavs Table 2
graphically.
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In general, the authors found consistent evidence of achievement
test score declines in all areas tested above grade 4, for the 1960s
through the 1970s. Pre-schoolers and children in the early years of gram-
mar school (lst - 3rd grade) generally scored higher on all measures, while
the scores of 4th grade students remained fairly stable. In the opinion of
the authors, these trends are real, national in scope, and continuing --
though at a decreasing rate of decline since about 1977.
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Figure 3. Civilian Achievement Measures

OTHER INDICATORS OF POPULATION PERFORMANCE CHANGE

The literature on the test score decline includes many references to
other indicators of a declining national level of academic competence of
youth. These indicators include elementary, high school, and college
teachers' opinions, statewide competency-based assessment, measures of cur-
ricula content at all levels, analyses of classroom hours attendance per
student, analyses of teacher education and practices, and physiological
hypotheses about diet, drug, medication, nuclear radiation and other possi-
ble correlates of declining test scores. It 1s beyond the scope of this
paper to attempt to analyze the probable or possible causes of the declin-
ing scores; however, an excellent review by Rimland and Larson, (1980) is
avalilable.
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SUMMARY OF OVERALL CIVILIAN TESTING TRENDS

It is evident that national youth performance on scholastic aptitude
and achievement tests has been in a state of decline. Assuming comparabil-
ity of populations (for current military-age youth, between the ages of
17-24), the scope of the decline would likely represent a decrease of about
one-fifth to one-third of a standard deviation on the average from the 1970
pool of AFQT examinees, or about 2-3 percent of a standard deviation per
year. This rate would equate to » decline of approximately 4-5 raw score
points for the average military enlisted recruit between FY 1971 and FY
1980. The next section of this paper looks at the military data.

MILITARY RECRUIT APTITUDE TEST SCORE TRENDS

Figure 5 displays the percentages of non-prior service military
accessions who scored in AFOT Category I (Sellman & Laurence, 1981) between
FY 1967 through FY 1980. Category I scores are roughly equivalent to a
score of 600 and above on the SAT (shown in Figure 2 above).

PERCENT

e ] * sconma o Cormory

L]

SOURCES ‘987 1979 G [ o Wy
1971 1908 Ovlones Manpowev Osta Comer

Figure 4. Military Accessions: AFQT Category |
(Top 8%) 1967—-1980

AFQT Category IV military accession statistics are strongly
influenced by DoD and Service policies, changes in the recruiting and job
market, and other factors independent of the aptitude levels in the nation-
al population of enlistment-age youth. Nevetheless, the proportion of AFQT
Category IV accessions did increase from 23 percent in FY 1967 - FY 1969 to
26 percent in FY 1979 - FY 1981, The latter figure probably reflects the
effects of the miscalibration of AFQT for the first two years of the latter
period, (Department of Defense, Julv 1980). However, FY 1981 test scores
are correct. The three percent increase from the earlier period is roughly
comparable to the increased percentages in SAT Verbal and Mathematics
scores below 300 over the same time frame (Figure 2).
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A median provides a single index of the full distribution of AFQT |
scores. The medians declined from 79.4 to 72.4 or seven AFQT raw score
points over the l4~year period. This decline parallels the two to three
percent standard deviation yearly decline observed for civilian aptitude
test scores during the same year period. Figure 5 shows median AFOT scores
grouped in three-year periods from FY 1967 through FY 1981,

7{

80 | : |

7%

MEDIAN AFQT RAW SCORE

1967-1969 1970-1972 19731975 19761978 1979-1981
FISCAL YEAR GROUPS

Figure 5. Median AFQT Raw Scores for Military Non-Prior Service
Accessions, 1967-1981, by Three Year Periods

IMPLICATIONS OF CIVILIAN AND MILITARY RECRUIT APTITUDE TEST SCORE TRENDS

It appears that civilian aptitude test score trends provide useful
information to Defense manpower planners on the aptitude levels of American
youth i{n the pool from which potential recruits are drawn. It {s therefore
important that the Department of Defen-e monitor national test score trends
for both short-term recruiting and mob:lization planning purposes.
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SUBPOPULATION ANALYSES OF CURRENT YOUTH APTITUDES !
by

Mark J. Eitelberg
Janice H, Laurence
Brian K. Waters

Human Resources Research Organization
and

Wayne S. Sellman
Office of the Assistant Secretary of Defense
(Manpower, Reserve Affairs and Logistics)

In 1980, the National Opinion Research Center (NORC) of the
University of Chicago adminisrered rhe Armed Services Vocational Aptitude
Battery (ASVAB) to a nationsl probapility sample of approximately 12,000
young men and women. The precrdure and methods used to select the sample
were designed to yleld a data sase of youth that could be statistically
projected (within known confidence intervals) to represent the entire
populativn (and important subgroups) born in 1957 through 1964 (Frankel &
McWilliams, 1981).

The results will be analyzed to identify subpopulation differences
in test performance and to determine qualification rates for military
service. The demographic variables selected for analysis are age, sex,
race/ethnicity, level of education, socioeconomic status, and geographic
region. Subpopulation comparisons will be made on the basis of the Armed
Forces Qualification Test (AFQT), four aptitude composites, and an estimate
of reading ability. The subpopulation analyses have not been completed.
Therefore, this paper contains only a description of the background,
methodology, and scope of the demographic comparisons.

COMPARISON MEASURES

Mean AFQT percentile scores will be used since AFQT results are
typically reported in terms of this metric. The raw AFQT scores of
individuals will be converted to AFQT percentile scores, and the mean
percentile scores for each subgroup will then be calculated.

The four ASVAB aptitude composites selected for analysis are
Mechanical (M), Administrative (A), General (G), and Electronics (E). The
ASVAB subtests comprising the Administrative, General, and Electronics
composites are the same in all four Services. The Air Force version of the
Mechanical composite was used for the subpopulation analyses. The
individual subtests that comprise these composites are shown in Table 1.

1a paper presented at the 23rd Annual Conference of the Military
Testing Association, Washington, D.C., October 27, 1981. The views
expressed in this paper represent those of the authors and do not
necessarily reflect the policy or opinion of the Departasent of Defense.
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Common Aptitude Composites and Their
Component ASVAB Subtests

(Forms 8, 9, and 10)

C Aptituge C ASVAS Subtests

Mechanicat (M)® Mechanicai Comprenension
Automotive-Shap Information
General Sciencs

Administrative (A) Coding Speed
Numerical Jperations
Pacagraoh Comprehension
Word Knowiedge

General (G) Anthmenc Reasonmg
Pacagraph Comprehension
Ward Knowledes

Electronics (E) Anthmetic Ressoning
Electromes Information
Gensrel Science
Mathematics Knowiedge

The A Generat, ana Eie e the same lor

ol tour Services. For the p of ” thws

12007t uses (he Aw Force vernon of the Mechemcsl compesis.
Table 1

Estimates of reading ability will be obtained for the profile study
subgroups by converting ASVAB General composite scores to comparable scores
on the Adult Basic Learning Examination (ABLE) (see Mathews, Valentine, &
Sellman, 1978). ABLE is a battery of tests (vocabulary, spelling, reading,
arithmetic/computation, and arithmetic/problem solving) designed to measure
the educational achievement of adults who have not completed high school.
ABLE covers 12 years of school achievement through the use of three sep-
arate levels of test batteries. Since the ASVAB General composite (which
combines Paragraph Comprehension, Word Knowledge, and Arithmetic Reasoning
subtests) correlates so highly (.85) with ABLE, it will be possible to con-
vert the General composite scores to ABLE scores, and then use these
measures as estimates of reading ability expressed in terms of scholastic
grade levels.

SUBPOPULATION ANALYSES

AGE

Background. The Army Alpha tests from World War I provided some of the
f{rst documented evidence of population differences based on chronological
age. Since that time, numerous cross-sectional studies have supported the
finding that mental ability (a) reaches a peak in early adulthood (the mid-
twenties); (b) declines gradually to about age 50; and (c) drops sharply
thereafter. Longitudinal studies conducted since the early 1950s, however,
indicate that the pattern of intellectual growth and decline is somewhat
different from that which {s found in cross-sectional research. Although
there is still little longitudinal evidence concerning the shape of the so-
called "age curve,” the data now imply (a) a pattern of intellectual growth
through early adulthood; (b) general stability during the middle decades of
life (with increases in certain abilities and decreases in others); {(c) a
gradual and minor decline beginning after the age of 50; and (d) increased
decline during the 708 and 80s.

Two-year groupings will be used to separate the 1980 youth
population by age. The age categories, by year of birth and age at time of
testing, are as follows: 1961 and 1962 (ages 18 and 19); 1959 and 1960
(ages 20 and 21); 1957 and 1958 (ages 22 and 23).
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The analysis of age differences will concentrate on mean AFQT
percentile scores and measures of reading ability.

SEX

Background. Many standardized tests of general aptitude are designed to
eliminate (or counterbalance) items or subtests that result in systemati-~
cally higher scores for one sex over the other. The belief that differen-
tial factors should be minimized or balanced is based on the assumption
that (a) there is no clear understanding of which specific test items are
the best indicators of general aptitude and (b) no special "advantage” in
measured performance on these tests should be given to either sex.

Nevertheless, the consistent trend has been that males tend to excel
on tests of mathematical reasoning (or quantitative ability), spatial abil-
ities, and mechanical/science aptitudes; and females tend to excel on tests
involving verbal fluency or the mechanics of language, memory abilities,
perceptual speed, and manual dexterity (Tyler, 1965; Maccoby & Jacklin,
1974).

The AFQT measures verbal and quantitative abilities in approximately
equal proportion. This balance reduces the likelihood of sex-related dif-

ferenc:s in test performance.

The analysis will present data on the mean AFQT percentile scores of
males and females by the three age groups. Mean percentile scores of males
and females on the four aptitude composites and the estimated reading grade
levels of young men and women in the general population will also be
presented.

RACE/ETHNICITY

Background. In this country, most studies of racial/ethnic group test
performance focus primarily on the differential abilities of white and
black children and young adults. Published evidence suggests that, on
standardized tests of mental ability, (a) whites, on the average, score
higher than blacks; (b) average group differences remain fairly constant
during the school years (the smallest differences occur at the very young
ages); (c) blacks perform relatively better on verbal tests than on
non-verbal tests; (d) the socloeconomic, geographic, and educational
correlates for racial minority groups and whites are generally similar
(tough there are some differences in the magnitude of correlation); and,
further, (e) the differences between individuals of the same race exceed in
magnitude the average differences between separate races.

Attempts to measure racial differences in test performance in the
civilian sector can be traced back as far as the late nineteenth century.
As in the military testing experience (Eitelberg, 1981), there is a remark-
able unanimity of results in civilian testing: at each age-level and under
a variety of conditions, blacks, on the average, regularly score below
whites (Jensen, 1980; Scarr, 1981), There are regional variations; never-
theless, these variations are similar for blacks and whites, and the racial
differential remains fairly constant from one region to another,
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Although the majority of studies involving racial/ethnic groups in
this country currently concentrate on the differences between whites and
blacks, there is a long history of research regarding the relative abili-
ties of different "ethnic” (i.e., national origin) groups. The volume of
scientific research on the topic of ethnic differences (or race differences
other than those between whites and blacks) has lessened greatly since
World War 1I. Nevertheless, there 1s some degree of consistency in the
data on test performance. For instance, study results in this country show
that (a) white school children of European ancestry score, on the average,
considerably higher than children from racial and ethnic minority groups
(with the notable exception of certain Asian-American groups) -—— and espe-~
cially those that are socioeconomically disadvantaged (e.g., Hispanics,
Native Americans, as well as blacks); and (b) the test performance of
racial/ethnic groups oftens varies with respect to the particular type of
test used (that is, some groups perform noticeably better on certain kinds
of tests than on others, and the extent of group differences will change
according to the types of tests that are emphasized).

The profile study results classify the population into three groups:
white and others (including all non-Hispanic and non-black racial/ethnic
subgroups), black (non~Hispanic), and Hispanic. These three groups are
used since they represent the largest relative racial/ethnic subgroups
within the general population. Yet, it should be noted that the Hispanic
category includes several separate ethnic groups (e.g., Mexican-Americanms,
Puerto Ricans, Cubans and other Latin Americans, Spanish and Portuguese)
variously described simply as being of "Hispanic” origin. Furthermore, the
category defined as "white and others” includes Native Americans, Pacific
; Islanders, and persons of Asian ancestry. (Since the data are weighted,
and the proportion of “"non-white” groups in the general population is so
small in comparison with whites, the differences between the combined group
[ and a "white only"” group are negligible.) For the purposes of the profile

study, then, references to the “white” and “"white and other” racial/ethnic
groups are synonymous.

The mean AFQT percentile scores for whites, blacks, and Hispanics
will be analyzed (by total subgroup and two-year age categorles). In
. addition to the AFQT score comparisons, the mean score for males and for
2 females within the separate racial/ethnic subgroups will be compared on the
} basis of common aptitude composites and estimated reading ability.

. LEVEL OF EDUCATION

Background. There is a strong positive correlation between aptitude test
per?ormance and the amount of formal education. There are, however,

= several problems involved in using years of schooling as a focus of

: analysis. For example, there are differences in the quality of education
| from geographical region to region, school to school, and other related

: factors. In addition, education variables are not easily isolated or

. separated from other variables (e.g., age and socic >conomic status).

For the profile study, educational attainm i1t is defined according
} to high school graduation status. The three categories of graduation
' status are: (a) non-high school graduate (including, ian some cages, high
school students as well as drop—outs); (b) recipient of the General
Educational Development (GED) high school equivalency certificate; and (c)
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high school diploma graduate (also including all persons, regardless of
high school graduation status, with education at the college level).

Both AFQT and aptitude composite percentile scores for the three
education categories will be analyzed. Composite score comparisons will
include the mean scores for high school graduates, GEDs, and non-high
school graduates by sex.

SOCIOECONOMIC STATUS

Background. Social class differences have been reported in numerous
studies from the earliest days of psychological testing. During World War
1, average scores on the Army Alpha test demonstrated a clear relationsghip
to preservice employment. Highest scores were obtained by those in profes-
sional occupations (e.g., engineer, accountant), ranging down to those who
had worked as unskilled laborers (in preservice jobs) at the very bottom of
the scale. Studies of Army General Classification Test (AGCT) scores from
World War II revealed a similar pattern of test performance by soldiers
according to preservice occupational categories (Anastasi, 1958; Tyler,
1965).

When children are classified on the basis of their father's
occupation, the same sort of differentiation in test scores is apparent.
Children of parents in the professions generally score highest on aptitude
tests, and children of day-laborers and unskilled workers generally score
lowest (Anastasi, 1958).

In general, studies that have examined soclal class differences are
consistent. Adults and children from more-privileged homes perform better,
on the average, than do those from less-privileged homes. The relationship
between socioeconomic status (SES) and performance on tests of mental
ability is thus one of the most consistent and least questioned outcomes of
standardized testing (Tyler, 1965).

The SES of children and adolescents is typically indexed using
mother's education, father's education, average family income, and father's
occupational status. None of these four variables alone explains all of
the vz.'ation 'n ability attributable to "family background.” Neverthe-
less, thore is a strong correlation between the variables, and research has
shown that each affects intellectual ability in a different manner but to a
similar degree (Sewell and Hauser, 1975; Featherman, 1980). Recent analy-
ses suggest that the measured effects of mother's education on ASVAB per-
formance approximate the measured effects of all four variables combined
(Bock and Moore, 1981). For the 1980 youth population, then, mother's
education {s used in place of an SES index as a general indicator of family
background.

The mean AFQT percentile scores of the 1980 youth population,
arranged according to five categories of mother's education, will be con-
sidered. The five categories are as follows: 8th grade or less; grades
9-11; high school graduate; some college; college graduate or above.
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GEOGRAPHIC REGION

Background. Regional variations in test performance have been commonly
reported. Generally, average scores on tests of mental ability are lowest
in the deep South; average test socres increase in almost gradient fashion
to the North and West.

Of course, regional differences are greatly affected by factors
related to urban and rural environments. The preponderance of evidence on
urban-rural differences shows that persons from rural regions receive lower
average scores on tests of mental ability than do persons from urban
regions. A combination of causes may be at work (including differences in
the quality of education, soclor~»nomic variations, and cultural factors),
but the same results have been :. ind repeatedly in a wide variety of stu-
dies in many parts of this country as well as in Europe.

The mean AFQT percentile scores of individuals residing in different
geographic regions (the nine "divisions™ used by the Bureau of Census) will
be compared and evaluated.

ELIGIBILITY FOR ENLISTMENT

Each Military Service applies its own aptitude standards in
determining eligibility for enlistment. As seen in Table 2, these aptitude
standards vary according to educational attainment (high school graduation
status) and, in the Navy and Marine Corps, according to sex. For example,
in the Army, male and female high school graduates are currently required
to achieve a minimum AFQT percentile score of 16 and a standard score of at
least 85 on one of nine Service-specific aptitude composites. In contrast,
Alr Force enlistment standards require that male and female high school
graduates achieve a minimum AFQT percentile score of 21; in addition, they
are required to attain a percentile score of at least 30 on the General
composite and a combined composite score (including the Mechanical,
Administrative, General, and Electronics composites) of no less than 120.

Higher aptitude scores are required for male non-high school
graduates and GED recipients in each of the Services. Female non-high
school graduates are not eligible for enlistment in either the Navy or the
Marine Corps; and female high school graduates who wish to enlist in these
Services are required to meet different aptitude standards than those
egtablished for males.

The ASVAB scores of the profile study sample will be analyzed to
estimate the numbers and porportions of American youth, by selected demo-
graphic variables, who would qualify for military enlistment under 1981
aptitude standards. The demographic categories selected for analysis are
gex, raclal/ethnic group, education, and geographic region.
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Table 2

1981 Service Enlistment Aptitude Standards
(Required Operational Score on ASVAB 8§ - 10)

1 Maies Females
3
{ Operational Standards Operational Standards
Service/Education AFQT Aptitude Compogites AFQT Aptitude Composites
b
Army

? High School Diploma Graduate 16 850n1 16 850n1

Non-High Schaol Graduste

(Including GED) 31 850n2 N 850n2

Navy

High School Diploma Graduate 17 - School Efigible?

GED N - School Eligibte?

Non-High School Graduate 38 - Not Eligible

Marine Corps

High School Diploma Graduate 21 GTb =380 50 -
! Non-High Schoo! Graduate

(Including GED) 21 GTb =95 Not Eligible
3

Air Force
i High School Diploma Graduate 2 G© = 30; MAGEY = 120 P3| GS=30; MAGES = 120
b
: GED 50 G« 30; MAGEY = 120 50 G = 30; MAGEY = 120
g _ Non-High School Graduate 65 Gt = 45; MAGEY = 170 65 GE = 45; MAGEY = 120
4
¥ 3Deparrment of the Navy, “Criteria for selaction of recruits and new accessions for formal schoal training.”” NAVMILPERSCOM
. tnstruction 1236.1A. Washington, D.C.: Naval Military Personne! Command, Jan. 1981,

} bGeneral-Technical Composite
] CGeneral Composste

OMechanical, Administrative, General Electronics Composites
f
g
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THE PROFILE OF AMERICAN YOUTH marks the first time that a vocational
aptitude battery has been given to a national probability sample. Up to
this time, such research has not been conducted due to the great difficulty
and expense involved in obtaining data. The subgroup analyses of current
youth aptitudes and the projected qualification rates will soon be
completed and released by the Department of Defense.
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LEGAL AND POLITICAL CONSIDERATIONS IN LARGE-SCALE ADAPTIVE TESTING

Brian K. Waters

Gus C. Lee

As the term implies, adaptative testing is defined as a method of test
construction wherein the items presented to a subject are selected itera-
tively dependent upon previous responses, thus "adapting™ the test to the
subject. Theoretically, such individual testing should provide more accu-
rate measurement than group testing. Both simulated and live data studies
have reported that the proportion of items required to reach a given level
of reliability in a computer administered adaptive test (CAT) are about
one-fourth to one-half of those required by a conventional paper-and-pencil
test. Such dramatic efficiencies occur because after each item response,
the computer program selects the next test item from the item pool which
will provide the maximum amount of information about the exami‘nee. McBride
(1979) provides an excellent review of the advantages and possible disadvan-
tages of CAT. There is little doubt that the use of interactive computer
testing will increase enormously in the coming decade.

CAT is a technology preparing to make the transition from the labora-
tory to an operational environment. The vast majority of research and develop-
ment in CAT has been sponsored by the military services, particularly the
Navy, since Lord's early work on item response theory and CAT during the
1960s. Today, the Department of Defense (DoD) is sponsoring a large-scale,
multi-year project to develop a CAT system for implementation in Armed
Forces Examining and Entrance Stations across the country.

DoD assigned the Department of Navy responsibility for CAT development,
with the Marine Corps as the executive agent. The Naval Personnel Research
and Development Center (NPRDC) is currently in the process of selecting
contractors to design, develop, and try out a prototype CAT system for de-
livering the Armed Services Vocational Aptitude Battery (ASVAB) adaptively
to military applicants at nearly 1000 testing sites. Also, our host, ARI,
has just released a "request-for-proposal™ for a seven- year Army selection
and classification system. CAT would likely be a part of such a system.
Outside of DoD, the Coast Guard is sponsoring field research into CAT, and
the commercial testing industry is investigating the large-scale use of
CAT. Although no commerical tests have actually begun using CAT delivery,
the American College Testing Program (ACT) and Educational Testing Service
(ETS) are working toward that goal. Carol Dwyer's paper given yesterday
afternoon at this conference mentioned that ETS i{s currently considering
development of two-level sequential tests for a major admissions program.

Thus, the time has arrived when we must start considering some of the
"real world" issues which CAT will face as actual decisions about examinees
are made with adaptive testing. One such set of issues involves the legal
and political considerations which could arise as CAT becomes an operational
reality. This paper will discuss such legal and political issues. The
authors will pose question--not answers--that need to be seriously considered
as large-scale CAT approaches implementation.
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To date very little, if anythirg, has been published on legal and
political considerations of CAT. Warm (1978, p. 122) questioned the legal
defensibility of having examinees take different numbers of items, or dif-
ferent sets of items. Wiskoff (1979) and Waters (1979) called for CAT re-
searcher attention to such legal issues surrounding CAT.

CAT is a subset of testing in general. And, as I'm sure you all are
well aware, testing has come under extreme pressure in the political and
legal environments during the past decade. Strong political lobbies (Nader,
1979) have directed stinging criticism of commercial testing programs, and
testing has become a frequent subject in litigation.

An annotated bibliography of court cases relevant to employment de-
cisions (Cascio & Bernadin, 1981) was published by the Air Force Human
Resources Laboratory (AFHRL). This useful document reviews 232 court cases
from January 1971 - January 1980 dealing with adverse impact, unequal oppor-
tunity or pay, and bias in personnel selection, classification and evalu-
ation systems. Each annotation provides the case reference, case source,
court decision, critical cases cited as a basis for the decision, evidence
of adverse impact, evidence of job-relatedness or validity, type of selec-
tion procedure, factors impacting the decision, effects of expert testimony,
and implications for personnel policy. Not surprisingly, the authors of
this paper found that at least 60 of these cases directly involved testing
as a central issue, Overwhelmingly, the major focus of legal attention
in these 60 cases was test validity, and the clear conclusion to be drawn
was that job-related empirical validity was accepted unless practical con-
straints made empirical validation studies unrealistic. When empirical
validation was impossible for a given test application, then content vali-
dation based upon careful job/task analysis was credible. Third in the
list of court accepted validation methods was construct validity. Finally,
face validity was given virtually no weight in the reviewed cases.

In a computerized adaptive testing mode, the validity issue portends
possible problems in court. In CAT, it is not practical to validate the
"test", only the item pool from which each test is drawn. This "validation"
is completely different from empirical validations that the courts have
previously accepted. Will this kind of predictive validity be satisfactory
in a legal battle? Will the courts accept content validity when a very
large number of items are said to measure a single trait? Rock & Bejar
(1981) suggest that construct valdity is more defensible in CAT, but the
courts have been hesitant to accept (or likely to understand) construct
validation under conventional testing.

The latter point, that judges and juries may not understand many of
the complicated technicalities involved with CAT, promises to be a major
hurdle to CAT implementation. How do you explain latent trait theory,
esoteric item selection strategies, "occult scoring methods" (Lord, 1978),
and myriad other inexplicable jargon surrounding CAT to a court? Will a
Jurist accept the expert witness psychometrician who testifies that person
A'3 theta is higher than person B's even though they have taken on items
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in common; that person B answered a higher percentage of the items correctly;
and that person B had to take twice as many items as person A to estimate
his theta as accurately? Clearly the CAT community has a major educational
and public relations chore in the court room and through the media before
CAT will be legally accepted as a valid measurement procedure.

One example of such a problem in the political arena occurred with
the ASVAB, where test scores are reported to Congress. A serious calibra-
tion error occurred on ASVAB in 1976, and the psychometrician's credibiltiy
with the Congress suffered. It has been said that Congress feels that DoD
phychometricians are some kind of amateur magicians out to perform statis-
tical legerdemain. Imagine how they will react to latent trait theory?

The credibilty of CAT test scores may also be weakened by calibration
problems like Douglass (1981) discussed. Parameter estimation methods and
item linking procedures (Dorans, 1981) similarly are statistically complex
activities which would be very difficult to explain in court or in Congress.
We need to translate the scientific jargon that has become part of the CAT
vocabulary into clear, concise, and comprehensible language that will com-
municate to the testing layman.

Another related issue is the recent truth-in-testing movement. After
an initial strongly negative reaction by the testing industry to legislative
directives on the release of test items to examinees, the major commercial
test companies seem to have reluctantly accepted the concept. Computerized
adaptive testing offers the prospect of making truth-in-testing more palat-
able to test developers. The release of items from a large pool to an
examinee would not likely damage future administrations due to test compro-
mise since theoretically every examinee takes an individually tailored test.
Under current test development procedures, the new legislation will likely
lead to expanded requirements for test items, additional validation studies,
and increased test fees to examinees.

Theoretically, CAT and item response theory should reduce cultural
test bias (Pine, et. al., 1979). The Cascio and Bernadin (1981) review
cited many court cases in which alleged cultural test bias was a ma jor
issue, and numerous symposia, addresses, and paper sessions were presented
at the APA convention two months ago on the same subject. Certainly it
would be very beneficial to CAT's credibility in the courts if clear, un-
equivocal evidence should evolve which showed reduced cultural test bias
under adaptive testing. At this time, this remains a research question.

This paper has strived to do no more than simply suggest questions
that need to be considered as CAT nears operational usage. One thing we
can be absolutley sure of is that once personnel selection and classifi-
cation decisions begin to be made using CAT, there will be legal challenges
to the validity of the measurement process. We need to anticipate these
challenges, to conduct the research to answer the legal questions, and to
understand enough about legal processes and judgments to "sell™ the benefits
of CAT to the courts and the publie.
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